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INTRODUCTION 
The Georgia Tech Tribology and Rheology Lab has undertaken the measurement of 
viscosity of synthetic saturated hydrocarbon oils to high pressure for various temperatures. Two 
test samples were provided by Ball Aerospace. A total of eight pressure-viscosity isothenns were 
obtained at temperatures of -25, 0, 40, and 100°C for each oil. This final report details the 
dynamic viscosity at various pressures from atmospheric pressure to 765 MPa or to the viscosity 
limit of the viscometer (106 m Pa·s). The initial pressure-viscosity coefficient and the reciprocal 
asymptotic isoviscous pressure are reported. In addition, parameters for a Free Volume Model 
have been calculated for the two samples. 
VISCOMETER 
The pressure-viscosity results reported here were obtained with a falling body viscometer 
which applies a maximum shear stress of approximately 20 Pa. The reported viscosities may be 
assumed to be the limiting low shear viscosity owing to the very low shear stress. The viscosity 
measurement technique is discussed in Ref. [1]. 
RESULTS 
The measured viscosities are listed in Table I and plotted in Figure 1. Each entry is the 
average of at least two falls - more at the lowest pressures. For 40 and 1 oooc some entries are 
the average of results using two different sinkers (see Figure 1 ). Measurements were routine. 
Two types of pressure-viscosity coefficient are tabulated (see Table I). They are the initial 
pressure viscosity coefficient, <l0 , and the reciprocal asymptotic isoviscous pressure, a*, defmed 
below at constant temperature. 
" = .!. ~ I = a~n" I o I' op p-o ~ p-o 
where p is pressure and J.1 is viscosity. The coefficient which best represents the fllm forming 
capability is a*. 
Sufficient data were obtained to regress the parameters for the .Free Volume Model [2] 
shown below. These parameters are listed in Table ll. The glass transition is regarded as an 
isoviscous process with viscosity, Jls. at the glass transition temperature, T8. Since the glass 
transitions of these samples were not measur~d, J.18 was arbitrarily taken to be 10
7 Pa s as 
suggested by Yasutomi [2]. Now, T
8 
represents a reference temperature rather than the true glass 
transition temperature. The relative free volume expansivity, F, can be empirically related to the 
liquid expansivity [2]. 
where 
Tg = T90 + ~ ln (1 +AJ]) 
F=l-~ln (1+~) 
and A1, A2, B1, B2, C1, and C2 and T80 are parameters to be evaluated. The above relations may 
be used to frnd viscosity for conditions not measured for this report. However, our regression 
was not successful at capturing the inflection in the pressure-viscosity curve at 0°C. 
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cz • = lJ• II (p=o) dp] -1 
0 J' (p) 
37999 
too·c -2s•c o·c 4o•c 
7.51 8,320 943 84.6 
24.7 62,500 4,301 318 
53.9 252,000 16,200 894 
111.4 54,500 2,170 
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A1rc A/GPa·1 Bt 
97.41 1.303 0.1739 
88.17 1.381 0.1632 
T 8 = T so + AI In ( 1 + A2p) 
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